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The solution of a large number of scientific and engineering problems 
is possible only after detailed numerical computations. It is true that 
in many cases where only a single calculation has to be performed, it is 
not practicable to construct an analog to do the job. However, in some 
fields of engineering, some mechanical circuit problems occur over and over. 
A prime exemple is the case of the torsional oscillations of ship propulsion 
equipment. The importance and complexity of the problem have been demon- 
strated by the large number of papers discussing special methods of attack 
and debating the relative merits of different propulsion systems. (1) — 

The burden of computation can be lightened by the use of some type of 
analogue which will indicate solutions rapidly end with sufficient accuracy, 
In the past some use has been made of a.c. network analyzers to represent 
marine propulsion systems, but there use does involve difficulties, partic- 
ularly with regard to inductors.(2) A preliminary investigation was made 
of the possibility of building an electrical enalog, but this approach was 
abandoned when it became evident that it would be necessary to design and 
build the inductors required, since those with the required characteristics 
were not available from stenderd commercial sources at reasonable cost. 
The advent of the George A. Philbrick K2-W operational amplifiers on the 
market made the use of an electronic analogue attractive. All additional 
components required are available from stock with one percent accuracy at 
reasonable cost. 

In electronic analog computers, the variables are represented by volt- 
ages which vary with time.(3) Time is generally used as the independent 
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verieble. These computers are capeble of solving complicated mathematical 

problems by means of such simple electrical circuits as d-c amplifiers and 

potentioneters. 

Compared with most mechanical end electromechenical analog computers, 
the d-c aualog computers are relatively cheap, easy to operate and maintain, 
and capable of flexible intercounections by means of simple patch cords. 
Perhaps the outetending advantage of a d-c anslog computer is the fact that 
it can usually be constructed from standard store-bought electronic parts 
by well-known radio assembly techniques, without any precision machine shop 
work, 

Practical d-c analog computers may be highly specialized or very flex- 
idle. The computer which has been built is flexible, all connections be- 
tween computing elements being made by patch cords, affording « device capable 
of solving eny physical problem involving eight orders of differentiation 
employing constant coefficients. Peramaters snd coefficients given by the 
problem cen be changed very conveniently by means of calibrated dials on the 
front panels of the machine. This is particularly useful in many engineering 
‘applications vbere trial solutions for different coefficient settings ere 
used to obtein optimum design paremeters. 

The solution of « set of ordinary differential equations on « 4-c 
analog computer proceeds as follows: 

“1, With the machine connected to solve the given problem, the machine 
variebles (voltages) are set to the correct initial conditions pre- 
scribed by the problen. 

2. The computing elements are then made operative and force the voltages 
in the machine to vary in & manner prescribed by the given differen- 
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tial equations. The voltage variations with time ere recorded end 
constitute solutions of the given problen. 

3. The machine is stopped at a time chosen by the operator. The maximm 
computing time is usually determined by limitations of the computing 
elements. The machine is at once reset to its initial condition and 
is ready for the next run vith changed, coefficients, initial conditions, 
etc. In an alternative method the solution is repeated automatically 
by electroni¢ or relay switching at a rapid rate so that the results 
may be observed on the screen of a cathode ray oscilloscope. | 
The operation of the computer which has been built will not be exactly 

as outlined above, since it has been designed, for the present, with the 

purpose of solving torsional vibration problems in the steady state. This 
being so, it is not necessary to insert initial conditions other then in- 
suring that the d-c output of all computing elements is zero at the start 

of ea run. However, sufficient room is left to permit the addition at a 

later time of reset and initial condition setting equipment. 


The problems solved by analog computers usually deal with the behavior 
of a number of variables. The aim is to determine how these variables 
change with time, and, in the case of torsionel vibrations, with frequency, 
or with another independent variable under certain conditions. The parti- 
cular conditions imposed by each problem are usually given as a set of 
mathematical relations or equations. 

The variables ere represented in the d-c analog computer by corres- 
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ponding voltages, or machine varisbles X,, Xp.... X,. In usual practice 
these machine variables are simply proportional to the corresponding origi- 
nal variables on @ convenient scale. The given relations between the 
original variables are now expressed by an analogous set of relations 
vetween the machine variables. 

Figure 1 shows schematically how relations are represented in 4 d-c 
enalog computer. The voltage X, will appear as the input voltage of a 
block of computing elements which takes it into consideration and produces 
X, a8 an output voltage. This output voltege will be the desired function 
of the input voltage X, if the correct combination of computing elements 
has been used. Note that, in general, the relation produced by the block 
in Figure 1 is unilateral, that is changes in the output voltage X, will 
not produce changes in the input voltage Xp unless additional connections 
and computing elements are used. 

In many cases an output voltage will appear as a function of several 
other machine variables. The block of computing elements producing the 
Output desired will have more than one input voltage, the effects of the 
aifferent input voltages being mixed to produce the correct functional 
relation.(see Figure 2) 

If two or more simultaneous relations between machine variables are 
given each equation is solved electrically for a different variable. This 
variable appears as the output voltage of a block of computing elements. 
Pigure 3 shows how it is then used as an input voltage for the computing 
elements establishing the other equations. ‘The resulting interconnections 
force the machine variables to satisfy all the given relations. 

It is easily seen that ea majority of problems in applied mathematics 
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require a description of changes of quantities involved in physical processes. 
A time derivative like 4x/at is a quantitative measure of a change dX}; the 
latter is compared with the corresponding change of a known physical quantity, 
the time t indicated by a clock. It is practical to write 4 /dt = P and 
ax/at = PX. This notation will be used throughout this paper. For oxemple, 
if X = cos wt then PX = P cos wt = -w sin wt. ‘The second derivative of X 
may be expressed as P®x, higher derivatives being defined accordingly. 

In problems such as torsional vibrations s set of differential equations 
is given, and it is desired to find the corresponding time dependence of the 
variables involved. The set of differential equations is solved when all 
the variables are computed as functions of time. Thus the set of differential 
equations 

PX = Y PY = -X 
is satisfied by the functions 

X= C sin (t +6) ¥ = Ceos (t + 0) 
where C and © are arbitrary constants. 

Figure 4 shows how relations of this type may be represented on d-c 
analog computers. All derivatives of machine variables ere represented by 
voltages in the mechine and are themselves machine variables. The figure 
also shows how special computing elements called integrators form the time 
integrals of the volteges proportional to the derivatives PX and PY to ob- 
tain the machine verisbles X and ¥. With this errangement the machine 
variables X, Y, PX and PY must vary as prescribed by the given mathematical 
relations. Records of X and ¥ will then constitute a solution of the set 
of differential equations. Analog computers capable of solving sets of 
ordinary differential equations are often referred to as differential 
analyzers. 
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One cannot overemphasize the usefulness of the biock representation 
of mathematical reletions in practical computer applications. This rep- 
resentation serves es an instructive model which illustrates relationships 
between different variables of a problem. iIn many applications the 
functional resemblance between the model and the actual equipment described 
by the mathematical relations is striking. In the analog computers the 
ectual relations between variables become alive and can be observed directly. 
The next task is that of designing generally useful building blocks or 
computing elements. 

It will be desirable to make 6 computing machine easy to construct and 
suitable for a wide variety of epplicetions. It is customary to perform 
more complicated mathematical operations on the computer voltages through 
combinations of e limited number of simple operations, performed by basic 
computing elements. A very wide range of problems can be solved conven- 
dently by the application of only the following computing elements: 

1. Devices which will multiply oe machine variable by a constant co- 
efficient 

2. Devices which will generate the sum of two or more machine variables 

3. Devices which will generate the product of two machine variables 

4. Devices which will generate functions of machine variables 

5- Devices which will generate either the time integral or the time deriv- 
ative of a machine variable. 

In the computer built items 3 and 4 are not included, though it. may be 
Gesirable in the future to include 4 as the dampings involved in marine 
propulsion systems are non-linear. 

Compared with many other computing devices, d-c analog computers are 
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often strikingly simple. The reason for this is in the relative ease with 
which the fundamental operations of multiplication by constants, addition, 
4ifferentiation, and integration can be performed by utilizing simple basic 
laws of current flow. 

Figure 5 shows how a simple voltage divider or potentiometer is used 
to multiply a voltage by a constant positive coefficient a (1>2a>0) 

Xp = ax 
The coefficient setting may be read on the potentiometer dial. The dial 
scale will be linear unless the potentiometer is loaded appreciably by 
another computing element connected to its output terminals. 

Dec emplifiers with feedback make it possible to multiply a d-c voltage 
by a constant greater than 1. The operational amplifiers used generate an 
output voltage whose sign will be the opposite of that of the input voltage. 
The feedback amplifier thus multiplies by a negative constant; it acts as 
@ phase inverter. 

Dec emplifiers with various feedback networks are used extensively in 
dec analog computers. They are often referred to os operational amplifiers. 
The transfer functions of such devices ere determined mainly by the feed- 
beck networks; the amplifier forward gain is usually made as high as possible in 
order to make the transfer function steble. The amplifiers and their associ- 
ated power supplies are designed for low drift. All input and output voltages 
ere measured with respect to a ground reference. It is clear that the output 
voltages of the operational amplifiers must not exceed certain limits corre- 
sponding to the range of linear amplifier operation. In the case of the K2-W 
operational amplifiers this limit is plus and minus 50 volts. 

Figures 5 thru 9 illustrate the various basic computing elements which 
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were used in the torsional vibrations analog together with their transfer 


In most ships the prime mover, propeller and power transmission system 
constitute an oscillatory system. Thus the pulsating torques which are 
produced by the propeller and sometimes by the prime mover may under certain 
resonance conditions produce trosional vibrations of large emplitude. It 
ie therefore always necessary to investigate any proposed design to insure 
that the maximm torques developed under any operating condition will not 
exceed reasonable values. Resonance may oceur at one or more speeds with 
almost any type of propulsion system. 

The evaluation of these oscillatory torques is straightforward and 
simple in principle, but very laborious and time consuming in practice. 

It is the purpose of the computer which has been designed to provide a 
rapid means of determining the curves of torque amplification versus fre- 
quency of the exciting torque simply and directly by means of measurements 
made et appropriate points in the analog. In addition to eliminating the 
necessity of solving the equations of motion, as in the case of a mechanical 
Grive wherein the equivalent shaft spring gradients and damping coefficients 
are constant or simple functions of frequency, the computer will permit 
the solution to other types of drive wherein demping coefficients and spring 
gradients are variable and not simple functions of frequency. It will also 
be possible, using the computer to determine the transient response of the 
propulsion system. 
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As is well know, the typical propulsion system of Figure 10 may be 
reduced to a single speed equivalent. es shown in Figure 11. This is the 
system for which the analog has been designed. However, provision has been 
made 90 that by the sddition of & few more K2-W operational amplifiers end 
@ small number of components the system shown in Figure 12 mey be simulated, 
this configuration permitting e more detailed analysis of oscilistory 
behavior . 

The equations of motion for the system of Figure 11 ere as follows; 


JO + BO + Bg(O, - Op) + By(O,\ + Op) odtae = 0 (a) 
“Jghg = Bghg + Bg(Oy~ Op) + BylOy - Op) + BelOy ~ Op) + K(0, - Op) (2) 


#KplO3- G2) + K3(Q- G2)-= 0 


Jq05 + ByOs + By (0; - @5) + Ka(03 - @2) = 0 (3) 
TO, + By + BolOy- Oy) + H3(0,- Op) = 0 () 
Where: 


Mag = Applied torque 

J = Mass moment of inertia in pounds-inches-seconds” 

B = Demping constant in pounds-inches-seconds/radian 

K = Shaft spring constent in pounds-inches/redian | 

First ang second derivatives are indicated by . and .. respectively. 

The problem now is to set up an analogue whose behavior will represent 
the above equations of motion. To illustrate the procedure to be followed 
@ simple 2 storage torsional system will be put into block diagran from and 
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the procedure for determining scale factors will be demonstrated. ‘The 
process to be wed for the entire problem will be a simple extension of 
that to follov. 

Figures 13 and 1% show the mechanical system and its equivalent 
mechanical block diagran. 

The equation of motion for the system is: 

30 +3BO KO oM (5) 

That the operational system in Figure 14 applies may be seen by 
revriting equation 5 es follows: 

M-KO-3BG = 50 (6) 

From whet has been said previously sbout the operation of the various 
computing elements, it can be seen that the correspondence shown in 
Figure 15 is obteined. The blocks laveled with a K and a subseript rep- 
resent the scale factors of equivalence between mechanical values and the 
corresponding electrical voltages in the computer, e.g. 9 «= Kg@g- 

There are @ number of ways in which the problem of scale factors and 
coefficient setting may be handled. (3,%,5) 

Ghe mathe’ to be weed in tate paper 10 ene recently doveleges ty 
Professor J. B. Reswick of the Massachusetts Institute of Technology and 
described in (4). 

Consider the system of Figure 15 to be os “real-time scale" analog. T 
@quals one second. Ali C's will be numerically equal to the coefficients of 
the mechanical system that they represent. 

Bach voltage will now represent its analogous variable in such a way 
that one volt equals one unit, e.g. if e, represents a rotational velocity 
@ in rediens per second, then one volt of @g represents one radian per second 
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of rotational velocity. ‘Toe time variation of e, will be identical to 
that of @. Bech voltage scale factor, k, is exectly unity. 

it is clear that if it vere possible in all cases to set up a resi- 
time enalog with all settings identical to the parameters they represent, 
the interpretations of results would be straight-forward. Hovever, this 
procedure meets with the following difficulties: 

(1) “Fast-time"” or"Bigh-speed" may be advantageous or desired. 
(2) Paremeters of the mechanical system may have values which may not 
be conveniently set on the computer. 

So overcome these d4fficultien the procedure which foliove may be, used. 
Any “real-time” analogue may be eagily reduced to a "real-time" computer by 
defining © nev unit Of timp--c-. 

so aime hie sashen-anenrd a sidcatenent 
he asec is defined so thet the time constant of intefretion of the analogue 
is unity in units of ssec. 
en 

L({asec) = T(sec) and is analogous to one second of reel time. 

_ When the analog problem is solved in unite of asec, its block diegran 
will always reduce to that of Figure 15 end the corresponding simplicity of 
real time interpretetion may be applied directly. 

The choice of the integrator time constant Tf in any real problem depends 
on the convenience and limitetions of the computer and display or recording 
system. In cases where T is fixed and a varistion is desired, either an 
eaditional coefficient may be used preceding each integrator and be con- 
sidered part of the integretor, or eny coefficient already preceding en 
integrator may be sdjusted to represent both a peremeter and a uev integrator 
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time constant. The choice of the optimum T bas a bearing on the setting 
of paremeters end is considered in the following discussion. 

The reduction of the fast-time analog to e real-time analog by use of 
the asec solves one difficulty. The second involving the setting of pare- 
meters will now be discussed. Two requirements must be met in each setting: 

(1) It must be reasonable, lying in the linear accurate range of the 
coefficient unit. 

(2) It gust not produce voltege variations vhich ere too large to be 
handled by the computer or too small to be accurately measured. 

Both of these factors are met by the single consideration that eli 
settings be as close to unity es possible. Although this may seem e rather 
erbitrery requirement, when the ection of most real systems in nature is 
formulated methematicelly with an accuracy and significance consistant with 
the accuracy of measurement and determination of parameters, the so-called 
leop gains in the mechanical operational block diagram have values near 
unity. 

A prectical approach to obteining coefficient settings near unity is 
es follows: | 

_ Referring to Figure 15, there were defined factors k to convert volts 
into the eppropriate variable. These "k's" all had values of unity in the 
real-time and asec-time computers. 

In most practical cases it will not be possible to set the "k's" at 
unity. The procedure for determining the values of the “k's” and the 
coefficients settings is as follows: 

From Pigure 15 it ie evident that, for exemple, the numerical value 
Ovteined by traversing a peth from a to b by way of the electrical analog 
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must be equal to thst obteined by going directly froa a to b in the 
mechanical block diagram. The first step in solving for the “k's” is to 
determine the range of perameters vhich ere expected to be encountered in 
the physical systems to be investigated. For geared marine propulsion 
systems this means that one must determine the maximm and minimum velues 
of inertie, spring constents end damping constants, es well es the expected 
frequency range. The absolute magnitudes of torques and anguler deflection 
will not be important since it is only desired to know at what frequencies 
the system will resonate and what values of torque emplification will be 
obtained. 

Going from e to b by the two paths indicated ebove leads to the 
following equations 

payee “3 | | eo 


Gintlerly traverse) from a to ¢ yields: 
bt ° 3" gar x ke 37 (8) 

It will be noted that the product k,f represents the time constant of 
the integrator, end as noted above this need not be the same for all inte- 
gerators in the computer. 

The equations above, plus enough of the others made possible by 
alternate traversals, are written so thet all coefficients and “k's” appear. 
Actual maximm values of system parameters are inserted in the appropriate 
places and e time scale, T, is initially aseumed. It will be noted thet 
Pigure 15 applies only to a one mass systen, however, the computer will 
consist of four of such blocks with suitable interconnections. This being 
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the case, a scale solution for one will apply to all. 

To continue, an integretor time constant is temporarily assumed, it 
being noted again that this is equal to kT. The values for the "k's" in 
each equation are assumed and the resulting coefficient setting determined. 
With the type of coefficient setting amplifier used the unity range may be 
considered to be from 0.2 to 20, though it is desired that the veristion be 
es suell es possible. At this point it may be well to remark thet the 
resistors R, and Ro Of Figure 6 need not be fixed. One or the other may be 
captcha ov Chay tay be repecd’ by One verlehle resister whee tap 16 
equivalent to the junction of the two original resistors. As stated sbove, 
such eo device has & limited range of accurate setting. 

If the settings obtained by the above procedure do not fall in the 
proper range, the assumption as to the value of one or more of the "k's" may 
be changed, as may the time constant of the integrator. The values obtained 
ere checked for self-consistency betveen the various traversel equations and 
necessary adjustments made. At first glance the process may seem to be fairly 
long avd laborious and to embody much trial and error. However, familiarity 
makes it possible to make good estimates at the start and the determination 
of constants and coefficients becomes rapidly convergent. 
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The computer sections have been designed and construction nearly 
completed. The computer in ite present state can not be tested or op- 
erated pending provision of a heavy duty reguleted power supply end 
instrumeatetion. 

It is not anticipated that difficulty will be experienced in placing 
the computer in operation since the design and construction followed 
regonized analog computer practice. As mentioned sbove, the critical 
a-c amplifiers are provided by the well engineered Philbrick K2-W units. 
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As stated in the introduction, it was first decided to construct and 
manufacture a pessive element analog, but difficulties in the design of 
the inductors necessary, as well as other difficulties, forced an ebandon- 
went of this approach. Much time and effort was devoted to this line of 
attack, consequently reducing the time availeble for the design and con- 
struction of the electronic analog. 

It is now realized that the design itself is a major undertaking, 
mechanical construction of the computer imposing an added burden upon 
available time. It is felt that satisfactory progress has been made since 
the design itself has been completed end only es small amount of work, 
compared to whet has already been done, is required to complete the com- 
puting section. 

In the design of the computer it was kept in mind that it would be 
Gesirable for it to be easily converted to a general purpose analog com- 
puter. The inputs and outputs of all computing elements were therefore 
brought out to panel jecks rather then being permanently wired in the 
configuration suitable for typical geered-turbine propulsion system. Space 
was elso provided so that initial condition and reset circuits as discussed 
in (3), Chapter 7, can be added with a minimm of difficulty. Provision 
has also been mode for the sddition of several more K2-W units end their 
associated circuitry. 

It will be noted that the damping factor computing elements operate 
as resistances independent of frequency, it being possible to select the 
appropriste values when the computer indicates the frequencies at which the 
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propulsion system is resonant. Raowing the charecteristics of the propellor 
end shafts used in the physical system, the proper damping factors can be set 
and the computer will then give accurate values of torque amplification. 
Based on experience vith other computers of the same general construc- 
tion as the one which is @tscussed in this paper, an aceurecy of no less 
can be made to approach 1$ if coefficient settings are mede by measuring 
stv apaapdapnnarnpmubenaglenvtenemdaianbams: gy 
ecsles on the computer. / ‘ 


«17 ~ 


RE er > ene oe male Seacoast af wedeye solelugowg 
fee Of san wrteat gntonsd roqeet oa? vente Jnotaesy wi? at bear efteds San 
RNORRNREN SOE SO wiLer etdmOAN ONY edY LNW eutieHoD ode how 
~SwreteeoS Lown Ces 682 MO oretvgrne sede Whe sonsitsqe 20 beet ~~ 
wemese ais? canoe ti yi a: tenes tne 
sete Ye ates one egattooe taeto tt IedS AA RE dondnage or atom i tite 
sat % sobtaliiar edt wo yereler nett ewe oaLtntwemrtiA? shttee ii 
SERVER AS os PORE: ini? cose Gay ereemcantegtest 


’ ‘ My 
¥ 4 rae ay PA ‘ Ce. a # 
ras OS SS eee: Ce RR i Poh eer sth ae at | 
—~ . Ss 7 . at ee . , te 
MA 2a. oaks 4 6 al, i Mier Sane Waele AE F eS sett Lae 
+ Meee Re Silas so ll » ia ime : ae 
F an ae ae hie! ThA Leer Ce ae 


a ae delidh 
“re a i? Li y a4 “yy y : . n adtet — » 4 
as Ds nail : | i! meee’ ee tee a Daeg 


ey oe be re tame ARS Hise: sna Ry eatee, ane it 

4 : . cy ae Ph Aggie ‘ 

PT Beak BN 7 ey Lea with ' m4 3? sidaxdant 
Hee ee he eS er iy PARR BS J oP oars is VUE sk, a | 

hon ee ee is aia al a ne Pt Acmy 48 Ysa CR 


ER ARPA Eke tee ee owe th oy, z Rio Phe 


The torsional analog computer has been designed and the computing 
sections nearly completed. With the eddition of a power supply and 
instrumentetion the computer will be ready to make analyses of torsional 
vibrations in marine geared turbine propulsion systems. 

It 18 recommended that an investigation be made of the feasibility 
of constructing circuite for generating proper values of the demping 
factors as the computer operates. Possible lines of attack may be found 
in (3), Chapter 6, 
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In the introduction the basic circuits employed in analog computers 
were illustrated end their operation explained. It will now be shown how 
these basic circuits are combined to create a complete analog computer, 

_ Ae bes deen said, the computer consists basically of four blocks of 
Computing elements es in Pigure 15. Yo these are edded other computing 
elements interconnecting the basic assemblies. To iliustrete: the term 
Ky (@, - p) 48 obtained by teking en input from the @, and 9» pointe of 
the computer end putting them into a suming coefficient unit. The need for 
using en ectual subtracting wit is avoided by defining 0, as negetive in 
its basic block. This causes no difficulties in sign in the rest of the 
equations. This can be seen by rewriting equation equation (3) as it. 
Would be solved in the computer: 

3483 - #35(-05) + Byl0p - 3) -Ka(05 - 9) (9) 

TS-WLAL bo enenbored thet. the conputing elemsate used change: the sign 
of © quantity, and hence one cen see that -63, for exemple, appears natur- 
@liy in the computer. When it becomes necessary to reverse the sign of @ 
whole term containing several quantities it ie only necessary to put it 
through an edder with unity gain. The extension of this method to the rest 
Of the terms in the equations is obvious. 

The major difficulty is in correlating the signs of the terms in the 
physical equstions and the way in which they eppear in the computer. ‘The 
problem is solved by heving two adding units before each integrating chain 
in the computer so that the proper siga will be present at the input to the 
fivet integrator. It may be noted that the C, element may be used to produce 
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The data sheets on the following two pages give much pertinent 
information on the Philurick KeW unite, Zt will, be noted that the input 
impedance is extremely high end the output impedance very lov, These 
features permit simple calibration and circuit design since one need not 
Sony tuto account undesived interaction ent lending ef ene sircutt ‘ty: 
mention. ‘Wild 1% 10 poostdie, for inetiiahd, ¥6/ddhe Wes Gatgutcttved ©: 
‘the loed capacity of the amplifier. It will be found, however that in 
‘the computer es designed for the ships propulsion vibration problem, only 
“ene euch load is imposed at eny point, the others being et « much higher 
he fined resistors end capecitors used in the construction of the 
computer ere of one percent accuracy. Clarostat type 10 potentionsters 
were used for coefficient setting. These potentiometers, as calibrated by 
‘the George A. Philbrick Researches, Ine., have a total resistance accuracy 
of one percent end a one percent rotational resistence eccurecy. The 
company has provided coefficient scales suitable for use vith these poten- 
tiometers. 

+ The general method of construction can be observed in the appended 
photographs. It will be seen that’ terminal board type construction ts used 
for oll signal wiring. Power is supplied to the unit from a power panel on 
® seperate chassis through plugs vhich mate vith female connectors on eech 
computer deck. 
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MOOEL K2-W | Direct Current Plug-in AmeciFice 


DESIGNED FOR FEEDBACK COMPUTING 
IN ELECTRONIC ANALOG sYsTEmMS 


FAST & SLOW 


(INPUTS: DIFFERENTIAL PAIR, Pos. & NEG. 
IMPEDANCE OVER IAQ MEGOHMS 
WITHIN OPERATING GANGES. 


OUTPUT: RANGE MINUS TO CLUS SO VOLTS 
UNDER LOADS TO SOK OF 1 MA. 
(IMPEDANCE S001. WITHIN RANGE. 


GAIN: PLUS AND MINUS [5,000, APPROx. 


RESPONSE: FEDBACK FoR UNITY GAIN; 
BANOWIDTH WELL OVER [00 KC. 
RISE TIME APPROX. 2 MSEC. 


POWER! REGULATE VOLTAGES FOR MAX. STABILITY. 
6.3 VAC ORVOC AT O.6 AMPERES 
+ AND —300 VOC ATS MiILLIAMe.S. 


BASE : OCTAL PLUG, WITH KEY ON 
LING OF TUBE CENTERS. 


SUGGESTED ZEROING WEIGHT: 2.3 OZ. TH: y | 
METHODS: z LENGTH: 4.9 (Ns. OVERALL 
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DRAWING NO. 

EFFECTS OF ExTeE COMPEY i 
K2-W CleculiTvs PENAL PUTING IMPEDANCES 
ASSUMING ZERO GIO CU@ZENTS, 
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fo simplify circuit trecing end future edditions to the computer all 
wiring has been color coded ag follows: 


Green Computing signals 

Rea Plus 300 volts 

Yellow Minus 300 volte 

Black Ground 

Black 6.3 volt filement supply 
(twisted pair) } 


It will be noted the filament wiring is of twisted pair construction 
and is isolated from other wiring as much ag possible in order to eliminate 
bum pickup by the signel wiring. 

At the rear of the cheseis can be seen the seroing circuits. These 
have been placed in this position since adjustments will be infrequent once 
the computer has been warmed up and stabilized. The method used for zeroing 
in this computer has been indicated on the center diagram of the first data 
sheet. 

The high voltage power supply's requirements for the computer assuming 
25 computing elements are rather rigourous. First, it's output impedence 
should be on the order of one or two ohms to prevent coupling between aup- 
lifiers through the power supply. Second, the plus and minus 300 volts 
should be regulated to at least one half of one percent to maintain good 
etebility in the computer. They should each be capable of supplying approx- 
imately 150 milliemperes. A minimm of 15 amperes at 6.3 volts will be 
required for the filaments, a supply capable of supplying 20 or more amperes 
would be desirable. 

As for instrumentetion, the desired voltages can be read using almost 
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auy good quality vacuus tube a-c voltaeter. However, it must be borne 
in mind thet the usual comercial instruments have an accuracy of ouly 
two or three percent and must be calibrated against a laboratory type 
instrument if overall accuracy evailable in the computer is to be ob- 
tained. 
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| naierthees samen 
fo ovtain estimates of system variables on which to base coeiiicient 
settings, the plent of (1) was used with generous margins. 
damx = 1,000 (103) in-ibs-n0c” 
Iain = 90 (103) tn-1vs-see? 
nae = $00 (20%) in-1bs-red 
fauin = 30 (10°) tn-tbeerea 
Bens = 25/(20°) in-iDe-see/rat 
Ag @ preliminary step the integrator tine constant vas picked os 
T= 0.0b and ty ce 107 Hibs. 


A traversal frome to > gives: 
Ce eae 
a ia 
@e ; 
* xm « m 
As @ trial pick an arbitrary range of J #s 6.2 to 2 which may be 
accurately set. The 0.2 setting applies at this point. Therefore we get 
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All settings ere thus in the region of 1 and hence are satin factory. 
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